INTRODUCTION
ALMOND (Prrinus atnygdufus BATSCH) trees are grown on over 4 1 S,OOO acres in California, representing virtually all of the commercial production in the United States. Their present history in California dates from 1843. when almond trees were brought from the east coast of the U.S. Earlier introductions were made when missions were established by the Spanish (Kester and Asay 1975) . Today. most orchards are situated in the San Joaquin and Sacramento valleys of central California.
Barnes and Andrews ( 1978) and Barnes and Moffitt ( 1978) demonstrated that phytophagous mites, primarily Tetranychus spp. and Punor:vrhrrs ufmi (Koch), are capable of causing substantial yield reductions in California almond and walnut orchards. Although a reduction in yield will usually not occur during the year that an economic infestation Chemical control of navel orangeworm, Amyelois trmsiteflu (SVai!.:er) . at hull split has been shown to trigger secondary outbreaks of spider mites (Hoy et al. 1978 (Hoy et al. , 1979 . As a result, many almond growers often incorporate an acaricide with this treatment without concern for mite densities. This "insurance" management tactic is. however, becoming less attractive due to suppressed almond prices, increasing pesticide costs, and the likelihood of pest resurgence and secondary outbreaks caused by predator suppression and increasing pesticide resistance in pest mites. Farmers are finding it increasingly beneficial to spray only when mites are approaching an economic injur! level. Unfortunately. this level is difficult to determine due to a general lack o l information. including how to quantitatively sample for mites in almonds. Furthermore, although predators are capable of controlling mites in orchard systems Nelson 1972. Westigard et al. 1967) . the lack of a simple yet quantitative sampling technique has delayed the effective use of predators of phytophagous mites. Estimates of predators' effect in controlling phytophagous mites are time-consuming to obtain and sparse, and for the most part not sufficiently quantitative to be of general use.
This paper examines the within-tree distributions and clumping patterns of develops, reduced vegetative growth and fruit set will result in the subsequent Fears.
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We would like to thank Hilgardia, © 1984 Regents, University of California for their permission to scan and post this article online. Sampling information and the mite species found in each of the four orchards examined as part of this study are presented in Table 1 .1. In 1977 one orchard (Yuba City) in Sutter County and one (Highway 132) in San Joaquin County were sampled, whereas in 1378 two orchards were sampled in Kern County. Spider mites, Tefrartychrrs spp., were found in all orchards, whereas the predator, hfefaseblrrs occidenfdis (Nesbitt), was limited to the Kern County orchards (Bidart and Blackwell). The three Tefrdrr)chus species were not distinguished due to the impracticability of a sampling method in almonds requiring field species identification. Peach silver mite, Aculrts cornufirs (Banks), was found in the Yuba City orchard in Sutter County. For the 1777 experiments, 25 leaves were sampled from each of the four compass directions (collectively referred to as quadrants in a subsequent analysis) and from the center of the tree for the lower and upper foliage (referred to 2s locations) of each tree, for a total of 10 areas in each tree. Thirty leaves were sampled at random from the outer area of each tree during 1978. The number of trees sampled in each orchard ranged from 4 to 18 with the number of dates samples were taken ranging from 7 to 11. Over 32,000 almond leaves were examined during the 2-year experiment (see table 1.1). For both years the leaves were returned to the laboratory and the number of mites (all stages) were recorded for each leaf using a binocular microscope.
Analysis of Data
The data were analyzed in three parts as described in the following sections.
Within-tree distribution
Factorial analyses of variance were used on the 1777 data to determine whether the Tetrarzychrrs spp. and A. comrilrrs were randomly distributed between trees, in the different areas of the trees, or clumped in specific areas of each tree for the period hIay 10 until August 16. The data were originally log transformed to correct for anticipated heterogeneity due to large fluctuations in population density through time. Because a comparison of No. 7 J u n e 1984 3 analysis for both transformed and normal data showed little difference in significance, these results are presented for the untransformed data.
Clumping pattern per leaf
The second set of analyses was aimed at determining the clumping pattern of the mites on a per leaf basis as affected by mite density, orchard, and for spider mites by the abundance of M. occidentalis. For this analysis both 1977 and 1978 data were used. Clumping was expressed for each species group as the relationship between the proportion of leaves infested with mites (P(I)), the corresponding density of mites per leaf (XI, and the variance ( S 2 ) of mites per leaf. Wilson and Room ( 1983) show that this relationship is species or age-class specific for Heliothis spp. on cotton. Salt and Hollick (1946) and Guppy and Harcourt (1970) showed that as populations age they become progressively less clumped. The relationship between K, S' and P(1) for a given species (or age class) can be represented by the following equation:
'a' and 'b' describe the relationship between the variance and the mean ( S * = a Xb) and are called Taylor? coeflicients. Estimates of Taylor's coefficients (Taylor 1961 (Taylor , 1971 were obtained for each species using an iterative regression procedure (Wilson et al. 19S3b ) and comparisons were made for each species group.
Predator impact on clumping
The effect of predators on spider mites'clumping pattern was determined by separating the data according to whether M. occidentalis were present in all samples from each :fee. Feeding rates and predation efficacy of M. occidentalis were estimated using ratio analyses (see Predator Efficacy section), and by comparing the co-varying densities through time of M. occidentalis and Tetranychus spp. This second analysis implicitly assumes that the observed decrease in Tetranychus spp. density was largely due to predation by M. occidentalis (escept when the decrease was acaricide induced). This assumption appears to be valid for our study because all of the Tetrunychus spp. population crashes in our study preceded crop maturation and because other mortality factors were not noted. The period of crop maturation is significant in that it is characterized by a rapid decrease in leaf nitrogen levels, which has been shown in cotton to negatively affect the density and reduce the clumping pattern of spider mites (Wilson et al. 1983a , Tijerina-Chavez 1982 and could be expected to have a similar effect on almonds.
Result s'anql Discussion
The Tetranychus spp., which will usually be referred to as spider mites in the remaining text, are considered the primary mite pests in almonds, while M. occidentalis is thought to be an important predator. Aculus curnutus, although capable of causing damage, is considered to be more important in its role as an alternative prey for M. occidentalis early in the season when Tefranychus spp. are scarce, thereby adding stability to a predator/prey system (Flaherty 198 1 The significant difference between trees at Highway 132 may be partiall! due to sprinklers, but is probably due in larger part to normal variation in spider mite density from tree to tree (Zalom, Hoy, Wilson, and Barnett, following paper). A significant difference for A.
curnutus (Yuba City orchard) between trees was also found, further indicating the magnitude of this type of variation. The lack of a significant difference between quadrants within the tree is encouraging and indicates that sampling by random selection of leaves from around the tree is unlikely to result in a biased estimate of spider mite density, at least during the period of May to September. Herbert and Butler (1973) likewise reported significant between-tree differences and did not find quadrant differences when examining the distribution of the European red mite, Panonychus ultni (Koch), the apple rust mite, A. schiechtendali (Nal.) , and the predaceous mite, Zelzellia mali (Ewing), on apple trees. ours, but again they found a significant location difference. The lack of an apparent location difference in our study may be due to our trees being relatively young (ca. 8 years old), although mature, and therefore not having a wide within-tree microclimatic range. The apple trees used by Herbert and Butler (19731, on the other hand, were 25 years old and possibly more architecturally complex. The difference may also be due to the architecture of various tree species. The age of the orchard used by Westigard and Calvin (1971) was not reported. spp. likely reflects the relatively low dispersal rate and the colony-forming characteristics of these species. This is not to say that the characteristics of mite colonies on leaf surfaces are the same for A. cornutus and Tetrunychus spp. The distribution of hi. occidentufis, on the other hand, is much less clumped. This is expected for predatory mites which, in general, have a higher searching and dispersal rate then their prey. The obsen-ed differences in clumping pattern on a per-leaf basis between these mite species should not be taken to represent clumping pattern or dispersal differences on a large scale, such as between trees. Large-scale differences are facilitated primarily by aerial dispersal and not by walking. Figure I .1A shows that a considerable amount of variability in clumping pattern was observed for the Tetrunychus spp. As an initial attempt at evaluating the effect of the occidentulis, on the relationship between proportion of spider mite-infested leaves and spider mite density curve. Predator efficacy Figure 1 .2 shows the estimated proportion infested-density response curves for spider mites with and without M. occidentalis, and the direction that the curve would take due to mortality and dispersal. Mortality, as expected, tends to affect density more than it affects the proportion of infested leaves (P(I)), because the proportion of infested leaves is only changed when every spider mite on a leaf with a feeding hf. occidentalis is either eaten or disperses to another leaf already infested. Mortality thus results in a decrease in the clumping pattern as exemplified by an apparent increase in P(1) for a given spider mite density when M. occidentalis is present compared with when M. occidentalis is absent.
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Even if mortality were a random phenomenon, Le., the probability of one spider mite dying would be independent of any other spider mite dying, then the spider mite P(1)-density curve would rise. However, because predators often concentrate their searching (and feeding) where prey have previously been found, the net effect would be to decrease the density to an even greater degree than P( I), resulting in an even less clumped pattern on a per leaf basis. Dispersal of spider mites to other leaves due to attack by M. occidentalis would result in an increase in P(I) except, as indicated above, when the dispersing spider mites go to a leaf having other spider mites. Therefore, leaf-to-leaf dispersal also results in a reduction in the per leaf clumping pattern. We are not able to quantitatively evaluate the dispersal component, but by assuming that induced leaf to leaf movement is opposite in effect to mortality (i.e., increases P(I) by the same amount that mortality reduces P(I)), we can obtain estimates of the predators' efficiency, defined as the numerical reduction in prey per predator present. To do this we have to estimate the change in spider mite density due to a given numlxr of predators for the range of observed predator densities. From the two curves (figure 1.2) for any equal P( I) values, the difference in densities (the amount that M. occidentafis would reduce the spider mite population) is equal to Wi,wo (mean number of spider mites for a given density without predators) -Xi,, (mean with predators).
In other words, the amount of mortality caused by hf. occidentafis is equal to the amount t h n the curve without predators would be shifted to the left so that it became equal to the curve with predators. Theoretical relationship between predaceous mites and spider mite mortality. dis
Dividing the mortality (change in Tefranychus spp. density) necessary to shift the lower curve in Figure 1 .2 to correspond with the upper curve (P (1) (1959) and Stern (1973) , being sufficiently below the economic injury level so that upward population fluctuations do not result in economic damage.
Without showing early season low density induced variations, Figure I .3A-B shows the spider mite-M. occidentalis co-varying pattern for each Kern County orchard. In both orchards the spider mite-M. occidentalis pattern cycled with a counterclockwise trajectory. Such a pattern can be derived using a broad range of predator-prey models and assumptions as summarized by Price ( 1975). In the Bidart orchard M. occidentulis were able to suppress the spider mites before the spider mites reached a density of 1.5 per leaf ( figure I.3A) . In the Blackwell orchard it appears that the increase in spider mite density had practically been arrested (at ca. 12 spider mites per leaf) the week before an unscheduled acaricide spraying. Once sprayed, however, the spider mites, although temporarily suppressed, rapidly resurged (figure I.3B) with a resulting density far exceeding the level observed just before treatment. Eventually the M. occidenlalis were able to again suppress the spider mites.
An analysis of these co-varying patterns provides information on the predator/prey ratios at different spider mite densities which result in a reduction in density in the following sample ( 2 weeks later). Figure 1 .4 was developed by using only those data points from Figure  1 .3 that either immediately preceded or corresponded to a decrease in spider mite population, and indicates that at higher densities the effective predator/prey ratio is approximately one M. occidenhlis per 10 spider mites. This ratio is equal to what was reported for Amblyseius fallacis feeding on the European red mite, Panonychus idmi, on apples (Tanigoshi et al. 1983) . Again, as is also indicated by the predator efficacy estimates presented in Table 1 .6, at lower spider mite densities this effective predator/prey ratio increases, probably because M. occidenhlis spends more time searching than eating.
This analysis, however, partially begs the question in that the effective predator/prey ratio curve illustrated in Figure 1 .4 enables us to estimate whether the spider mite population density will increase or decrease in the short term ( 2 weeks), but not the rate of this 
Conclusion
An analysis of the within-tree distribution of spider mites, T e t r q c h u silver mite, Acufzis cornutus, in almond orchards indicates that both are distributed randomly on foliage in the four compass directions and the center of the tree for the upper and lower foliage areas. Both of these species groups have, however, extremely clumped patterns of distribution on a per leaf sample unit. The pattern of distribution for spider mites was additionally affected by the phytoseiid mite. iPletaseiulus occidentalis, the pattern being less clumped with the predator present. AI. occidentalis was considerably less clumped in its distribution pattern than was observed for the other mites. Taylor's coefficients for these species correspondingly reflected the per leaf clumping pattern: the more clumped the species group, the larger the coefficients. The distribution and clumping pattern information in this paper provides a framework for development of a quantitative spider mite monitoring program. A quantitative understanding of the clumping pattern of economically important arthropods pareicularly based on proportion infested-density data as presented here has proven extremely useful for the development of crop monitoring programs for a range of crops (Ingram and Green 1972 , Sterling 1975 , Wilson and Room 1983 . Wilson et al. 1983a .
Based on the effect of hl. occidentalis on the spider mite clumping pattern, estimates of the predators' efficacy were obtained. For the average predator/prey ratio observed in this experiment, it was estimated that 11. 1. occidentalis were able to reduce the spider mite density by ca. 25 to 73 times their own density. T h e predatory mite was more effective at high spider mite densities, probably because less time was spent searching for food. Additional analyses indicate that, except at low spider mite densities, approximately one M. occidentulis per 10 spider mites is sufficient to reduce spider mite density in 2 weeks.
Further research is required to enable prediction of the ability of predatory mites at a range of predator/prey ratios at different prey densities to prevent spider mite populations from reaching an economic injury level. nic injury level.
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